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pseudo- random binary noise generator. altitude, is shown by Figure 2a, A nose up pitch angle, but still below 
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Fig. 3. effects of display dynamics natural frequencies on tracking 

performance for air c: ^ 
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Fig. 4, effects of display dynamics natural frequencies on tracking gPOUp rather wel1 * The means for airplane #1 are generally higher than for 

performance for aircraft #2 ^ “ r 

airplane #2. However, a single curve appears to represent the mean data 

-*»- fairly well. 



There ar two conclusions which can be drawn from these data: 
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learning throughout the experiment. So with the balanced experimental sequence used edgsment that bo had “done It again.*' Though it is seldom as clear cut as in these 

(Table I) it would be expected that how well a pilot performed with a given ori* examples this behavior is not unique and seems to be aptly described by the term 

tat ion relative to the other two orientations would be related to where that orientatic.i 
appeared in the sequence. 
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the practice day. The consensus was that any one of these map displays would be of 
help for planning purposes, particularly in terminal areas. 
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TABLE II - POST EXPERIMENT PILOTS RATINGS* FOR DISPLAY COMBINATIONS 




TABLE 111 - ANALYSIS OF VARIANCE - LATERAL SCORES 




•• » Significant at .01 level Significant at .05 leva! 

Mo Significant at .01 level 
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taken under the T-D format but without the spacing task is included 
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independent operations on closely spaced parallel runways 



one of the single runway approach conflicts was the misin- 
terpretation of a headin change instruction from the approach XV, RESULTS 

controller. This resul^ ed in a potential collision abeam of the 

subject's own aircraft which at the time was flying on the ILS. Information Compon ent g 
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TABLE 6. RESULTS OF ANALYSIS OF VARIANCE BETWEEN TREATMENT 
CONDITIONS FOR A GIVEN AIRCRAFT 
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Angle of attack versus time showing data evaluation Interval. 
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*A T o~ on the order - of 1.0 second is ir.orc commonly associated with 
hiah-sneed pitch dynamics. Put because the hand control used in 
these experiments allowed a very rapid control response , it was 
ncccasarv to lower the value of T 0 to provide reasonable response 

dynamics. 
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These parameter values are consistent with previous analysis of 
single* variable laboratory tracking tasks (18, 191* 
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pilot ratings between tho fixed bast simulation and Ref II. 
Pilot ratings »v * given and the ras valves of pitch attitude 
pitch rate, pitch acceleration, aerodynamic angle of attack, 
and stick output were measured for seven to twelve runs for 
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tit actual pilot ratings from Ref \Z i* shown iu the scatter 
d - grao of P.g. 4. Excellent agreement was obtained between 
the actual and predicted ratings in these cases. In addition 
the predicted ras values of the system stetes agree well with 
the Mastered values as indicated in Figs. S through 8. 
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V.e pilot rating expression for longitudinal handling aircraft as "good 1 ' when the open loop characteristics are 

*1 i ties in hover developed by Crazy Anderson (Ref 1) n a clearly undesirable (Ref 7). 

.♦w t ion of the ms pitch rate, the ros longitudinal hover jn this paper, the paper pilot concept is applied to 



short period node is lightly daaped and the short period 
natural frequency is high, the paper pilot ratings tend to 
be well below the actual rating (Ref S) or tend to rate an 



fro» Appendix III of Ref 8. A block diagraa of the systea Is P • ♦ l^p e L^r • • L £Bg USt 

shown in Fig. 1. It can be noted from the block diagraa, the 






tite lag between the pilot input and tlia control surfaca 

where N is white Caussian noise. 

8 deflection. The transfer function for the aileron control 



An aileron control lag was used to represent 
the case where a power boosted aileron syste* results in a 




PILOT RATING EXPRESSION 


C3 • 



is the frequency of the second order nuserator tern in the 
6/6 transfer function, ta. is the frequency of the dutch roll 



Basically tha paper pilot rating is determined in the 



ec 

a 


The constraint on T. is inposed to account for the physi- 



results are better, (2) it insures that paper pilot rating is 



the other hand, considers 



The roll paper pilot resul- 
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OBWaNALPAGEK 

OF POOR QUALITY 



input of 34. 2 T ft/sec. Perhaps these two ratings should have 




AB2 

AB2 




CONCLUSIONS 



9, N . Ntylor, PfdUtiwj Roll T»»k M yini QwiHt lti with 
Poi»tr Pilot > Alr^orco 7nilTt«r* of TfcKnoI««v , 7TATT/RT7T S - 1 , 
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than one set of pilot gain and lead would satisfy the 
minimization requirements. This leads to the interesting 
possibility of two ratings for the same configuration, and 
may explain why different pilots sometime i rate the same 
configuration quite differently, for example. Configurations 
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Driver/Vehicle Syzteva Block Diagram 
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Figure 2. Driver/Vehicle Response Properties for Heading Control, 

1972 Station Wagon at 60 mph 






Figure 3. Block Diagnua for Analytic of 

,79( . lUjo) + i / 2 \ Lateral Deviation Control 
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19. 


Figure U. Driver /Vehicle Reiponee Properties for Uterel Deviation Control 
1972 Station Wagon at 50 atph 
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Figure % Comparison of Analytical and Full Scale Results, This i« dona to account for the affect of trailer tow angle on lateral 

1972 Station Wagon Passing Intercity Bua deviation. 
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Figure 7. Driver/Vehicle Response Properties for Lateral Deviation Control 

Station Wagon Plus Trailer at 65 mph 
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Figure 8. Comparison of Analytical and Full Scale Results, 
Station Wagon Plus Trailer Passing Intercity Bus 
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Figure 10. Driver/ Vehicle Response Properties for Lateral Deviation Control 

Truck/Caoper at 60 mph 
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probability of a successful lateral approach is selected as a 
criterion level, the Workload Index for the lateral task for the 
501 wind is about .4, and it is about .7 when the average of all 
winds are considered. For the It wind, < t does not appear that 
a success probability of 951 is achievable within the limits of 
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Performance improvements with display changes are not too 
dramatic, with the cumulative improvement in tracking performance 
being about 10% • Of the changes made, only two had any significant 
effect; namely, removing the lateral error rate threshold and re- 
moving the necessity for attention -sharing. 
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to some extent maintained hy zeroing the control law with respect to the touchdown zone. It has to 
be judged whether the loss of information implicit in combined representation, and the loss of 
conformity . are penalties which can be accepted in the interest of a simplified format. 





can be achieved quite simply by adding a symbol to represent Ihe glideslope origin and by displacing 
it from the fixed depression symbol by the glideslope deviation. 0 Then, as shown in f igure 4. the 
syr bo) will always coincide with the glideslope origin (here assumed situated at the touchdown 
/one) because Ihe airc:a>t's elevation is 7^ + 0 
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f ,OUBE 5 AWBOACH WITH CONSTANT OeVIATION 
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EFFECT OF FULL CONFORMITY 






oi head clearance and a restricted upward view On the other hand, there is now less chance of 
sunlight tailing directly into the collimator. 

These arrangements are scarcely satisfactory for production purposes, and since there Is insufficient 
space tor the conventional type of gunsight mounting, it does not appear possible to install such 
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fixed depression and flight path angles in true scale, which give information about the position and 
direction of the flight path. Another symbol can be added to show the position of the ILS 
glideslope origin, and a simple modification allows attitude to be used in controlling speed. 
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In principle thl® assumes x(t) to bn analytic. It is not clear 
without experiments how far to carry out the expansion In ordar for 
the displayed values of x(t,t) to be useful as a prtdlction. This 
approach has, in fact, baen uaed by Dey<°H 7 > in alngle point predic- 
tions with the series terminated after the squared earn; the advantage 



The mid approximations in this simulation wars: 
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height errors were fairly highly correlated with each other with predictor element* incorporated into their actual flight displays, 

without the predictor display. 
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All the subjects were highly cooperative and generally enthusiastic 
: participating. Several expressed a desire to have similar 





155 - 




1 °. 

i i 

si 


V 0 


*8 


• CO IA 

Q < 7 
•4 1* S 


U * M 

3*3 

C « a 


>»*A 

n 

« CO 


t o H 

I t 


$ 

8 S 

•a _ 

■8 9 • 

U* •* C4 

Q 

1 <* 


& 


<» 


a «o 


II 


a £ 

jj 3 
g 2 * 

23 

• a 

2S f? 

3 

J*S 

w s i 

rJ> 

*i *g js 

*90 
O v b 

&"3 
^ • 
ii| 

** > *8 
tM<c A 

O < o 
as 2 

4i *.e 

o SL2 

£1* 

r s i 

O 0 O 


a h , 
:* a*-> 


I II III 


8 § 

li 

CO « 

;* 

<rt *-4 

* I 


!i 

O N 
<M 

8: 

*>;£ 

W 0O) 

OHrt 

3 8* . 


H t* w 
1* 

o< 


111 
• Is 
“» 8-1 
**8- 
|7 3 

m 


u 

8 

h *n 

I* 

W S H 
CO H 
*-» _ O 
<6 

a» o « 

— * « 

sis 

?!* 

38 88 

< u a 

* s 8 8 

• 9 ecu 

JR 9 ? X 

00 §. fH u 

si i s 

JC JZ a 
"88 
8? 

l*3i 

1*23 

a a 

JC n 
0 u 

ja Ok a 18 

2 3*3 

3 g 2 S 

a & m 

«H u a 

bH M 
* O O 

n b< a u 

■H d C 
vC N 9 3 

H *i a w 


3 

j>% a 


Kreifeldt, J. C»» *'Aa* lysis of a Predictor Model 
62006 , July 1964 . 



[2] To reserve control-display inc omp a tibility in head -down 
positions. 
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Figure 6. Pilot performance during a standard Instrument procedure 
turn with and without a ground track predictor display. 
•RMS lateral and altitude error. 
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variables distinct from the corresponding position variables. 
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FIGURE 5. Predicted "Cross" Pilot Transfers 
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Details of the different ways are evaluated in a separate paper [2] . 
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useful for extended application 
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Information is - at least believed to be - completely understood* 



Thus, intensive effort with high priority seems to be necessary to fill Ac cu rate perception ef height, for example , is necessary only - and then 

this gap of basic knowledge. the visual contact information really needs supplementation - if safe 

One reason for the difficulty in evaluatin'* the quality of the visual eon- vertical distance to the not reliably visible fixed <,r moving environment 

tact Information is Drobablv the aooarent contradiction between the obvious- (obscured moun.ains, obstacles and other traffic) must be maintained. 
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I mediate spontaneous attitude and position orientation is very important, closely parallel should be the imaginary street to the prescribed path of 

as far as it’s influences in manual control as well as raonitorirg are con- the pilot's eyes, 

sidered. Based on the findings of the first chapter, we must assume that 
full integration of all 6 degrees of freedom is required. 
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However, manual take-over needs manual skill, necessarily based on training, To ® e * this *PPe* r * to be very true even in general and neither restricted 

vtoich win be more and more reduced by automatic operation. Since man usually to type of information only, nor to vehicle control alone* 

applies no more than the effort which is requested from him, the manual skill The appearance of the environment as picked up not only by the visual system 
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Conventional Instruments and Channel Display 
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In general, we can expect an Increase in the tracking errors with a 

growing size of the channel due to the reduction of sign*’, sensitivity. Th * *<"• average absolute errors In the lateral (y) and vertical (z) 

On the other hand, there will ue a hyperbolic contribution because the direction as well at their vector tun r and tin respective control ac 
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satisfies the human need for confidence. But In most cases che visual r 14. Thus, an objective measure Is possibly achieve or 

contact in flight, even In good visual conditions, does not contain suf- formance level of a pilot# for the dynamic apt tu o s u e 

flciently sensitive three dimensional position Information, especially candidates or for sufficient runway width. 

In the vertical. 
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With respect to design of displays for flight 

simulation, it is particularly interesting to note that Current efforts are aimed at optimising display 

Dicb-ians and Brandt (1972) have found that head movements configurations appropriate for simulation* extending 
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FLIGHT -TEST EXPERIENCE WITH A SNAP -SHOOT DISPLAY 
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II PREDRIVING PERFORMANCE TESTS for,, prformooc. on th. Paving »o* *o«ld bo corrolot.d with drtvirv a ability. *a main 

voriobl# of interest. Consequently, the collection of such cioto would ollow one to comport 



Although the correlation between traffic accidents and rising BACs is well established, large 
variabilities In driving capabilities are attributed to different toleronces to alcohol . There- 
* Tolerable false rejection rotes would depend on the application, with higher rates permitted 
if applied only to those with o driving while intoxicated record. 



A CRITICAL tracking task CCTT) 
AS AN ALCOHOL INTERLOCK SYSTEM 



Figure 1 CTT - turret experimental Inital lotion in a cor. The 

meter could be time-shared with sow other function utch 
205- m fuel measwfeflwnt * 





discretion, and they controlled the start of each trial. 
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SOBER VS INTOXICATED PERFORMANCE 



A t- ratio for the difference between the mecns of the lost five training trial* and the first 




The range of SAC levels obtained In the test session provided an opportunity to examine the 
degree of deterioration on the task as o function of various BAC levels. For this analysis the 
subjects were assigned to one of the five groups Indicated below according to the SAC level they 





TRATIOS FOR THE DIFFERENCE 
BETWEEN PRE AND POST ORWK CTT SCORES 













(a) If the CTT were mechanized as on ignition interlock, ond a maximum 
limit on the percentage of sober failures (false rejection rotes) that 
would be tolerated were stated, who' would be the corresponding 
intoxicated failure rate at various BAG? 
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Aj indicated in the tobies the data presented are for experiments involving 67 sober subjects 

and 40 subjects at BACs ot or obove 0. 10%. 2 11- 
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Research Engineer, respectively. 
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Directly sensed vithin the general visual field. b. The crossover nodal alto holds for the outer loop 

with the proviso that the effective controlled- 

Observable via visual displays. eleaent transfer function Includes the effects of 

j j ^ ___ ^ ^ all t)*e inner-loop closures. 
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In the study of driver/ vehicle interaction in steering tasks , a nun be 
of system inputs require consideration. The most obvious are the lateral 
positional command, y , and external disturbances, t), because they are 
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b^ck system, then the effective inner-loop describing function, (* d /^) - 1, a yai^ Q f V^Ry of about 0.37 rad/sec whereby the low-frequency lead tine con- 

become s: st ant is about 2.8 sec and, for a speed of 88 ft/sec (60 arph), the w ai» point 

distance" would t« about 2^0 ft. 



Driver : 



►ea-Loop Driver/Vehicle Describing 
Function for Heading 
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Figure 8- Effective Inner-Loop Describing Function Data and Curve Fit 
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-tgiire Interpreted Driver Alone > scribing Functions for Inner Loop 








upper middle to hi fe h frequencies, the effective vehitxe transfer 
n, [C? ' , is harcUy affected by the path closure. Thus, at theae 




Driver deecribing function for heeding angle control 
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'' ra<U‘i.; -j f gyration in yaw, k z , is the geometric mean oi the 
U-v^n M^nj, a an<1 b, then 2?yy will b r equal to )/T r , 
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A major objective of the experiments was to identify the rider 
transfer function, Yp(jw). Since the wind/road disturbance i is 
unknown, it is necessary to estimate Y (jw) by an open-loop method. 
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Figure 3. Identification of Y c (Ji*0, 30 arph. 









239 




















where u is the crossover frequency. Figure S shows a Bode diagraa of 
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Siegel, Sidney, Nonparametric Statistics, McOraw-Hill, New York, 1956. 



average IQ subjects doing better. Note particularly that the difference 
is increased with the addition of the DAT (i.e., 92-85 < 93-85). In fact, 
with the DAT this difference In pass percentage becomes significant at the 





subjects are faster on the priuAry tas*. by 1 /U to l/3 of a second on the 
average. A more detailed view of this difference is shown in Fig. 5, 

Here we see no differences at the extremes, that is, for the fastest and 
slowest response times, but for the medium subjects the females are faster 
than the males . 
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Figure S. GJ-oup Ce-parlsco, Driving Habits 
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regardless of workload if did not seem to be worthwhile to put much effort Into the 
task of optimizing control gain. 





Control of the ex peri moots, data collection and processing woe done by a hybrid 




Rawlh obtained with direct comparisons with respect to controlled llty between 

each setting ore similar. The difference between each setting is shown In figure 5. b) Continuous adjustment of control gain by the ope rotor 
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Figure 1. Block Diagram of Dual A#t s Critical Task. 














Figure 2. Analog Computer diagram of task 
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Critical Divergence frequency (LaaUla. X) 
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Figure 3. Critical frequency tor tracking with and without secondary loading 
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Figure 4. Total tine for t * <ing with and without secondary loading 
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Figure 6. Correct Responses (percent) on Telephone Test 



number op times an operator lost a particular displav pirst 
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Consider a system having a transfer function H(p)i 
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w^ere p(t) Is a point process (i.e., a series of unit impulses first pulse. Tberofore 



normally distributed independent ISI. 




The theoretical analysis indicates that the average FT is 



same, then it is theoretically feasible to calculate the shape of 



Buchtha. , C. Guld, and P. Rosenfalck, "Action Potential 
ameters In Normal Human K.tscle and their Dependence or. 
slcal Variables," Acta Physiol. Scand., Vol. 32, pp. 200 
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node may be beyond the frequency region of Interest for extremely n»»n weight on the extended finger leads to more tremor at ell frequencies and 

inertia and stiff springs; while for large control inertias or weak springe, that the amplitude of the tremor node near 9 Hs increases more than the 

the feel system modes may be even lower than the tremor inodes. Detailed surrounding spectra. This implies that a mall finger-mounted accelerometer 

analysis of these situations has yet to be done for this particular model would not attenuate the tremor motions, figure 7 shows spectra for, and 
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Her ton ’ s follow-up length servo hypothesis [1] t which has been widely 
accepted as an explanation of muscle control, does not account for phasic 
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the wheel, which gives the input to the rudd«r engine, and signal was chosen. The construction of the binary test signal i 

based on the ideA that with the experiments to he executed ale< 
linear models of the helmsman’s behavior might be investigated 






'In Table 2 a summary of the tests Is given. During the 

Therefore the input signal (desired course) was constructed in msnts the compass as well as the rudder angle indicator 
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ONE-WAY LINK TRANSITION MATRICES (Prom Ref. 1 ) 
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The link value estimators given in 
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This signification is that the average scanning frequencies for primary 
instruments are equal. That is: 
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SUMMARY OF THE REVISED MODEL FOR 

PARTITIONING SCANNING WORKLOAD A SIMPLIFIED PARTITIONING PROCEDURE FOR 

A BINCLE DIRECTOR CONTROL DISPLAY 
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e tame at* are, of course, required to verify the partition of • canning workload 

(u)<kb (14) 

and to verify that approach performance requirements are satisfied. 
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where x 1A and ujj are the diagonal element a of the covariance matrices Assume that t experiments era conducted and for each experiment 

X and U, respectively. Now because X and U are covariance matrices, data are collected on eteedy state rma valuta for the itatee and 

it la well known. Reference 4, that the eteedy rate root mean square controls, and the associated Pilot Rating (PR) is recorded. We voul 

(nos) values of the system states jf if and controls u j , can ba expressed than have for the t experiments, using PR for J is equation (41), 
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pilot attaches a fixed penalty to angular deviations from the 
analysis of approach performance glide-path, rather than to linear deviations , then the weich- 

ting on height-errors will be range-dependent, Me investigated 
Approach Scenario two conditions with respect to this "gain-schedulino” * 
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Figure 1 illustrates the pertinent geometry. The aircraft* a 
altitude (h) ia given by 
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FIGURE 2. Effect of Varying Gains on Approach Trajectories 
(b) Pitch, Airspeed and Elevator Response 





PIGURB 4. Response History for Increasinq Tailwind Shear 
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